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MANCHON TUBULAIRE GONFLABLE POUR 
TUBER OU OBTURER UN PUITS OU UNE CANALISATION 

La prdsenie invention conccrnc un manchon lubulaire gonflablc, et 
radialement d^rormabie, servant au tubage ou h robturation d'un puils ou d'une 
canalisation. 

Pour le tubage d'un puils dc fraage p6tn^ier, ainsi que pour des applica- 
tions similaircs, il a dijh 6t6 propose des prtformcs tubulaires souples. durctssables in 
situ ; cUcs sont destinies k 6ire raises en place il T^tat radialement replid ou non expanse 

- 6tBl dans lequel elies possMent un encombiemem radial faiUe - puis tttc d6plito et/ou 
expanste radialement par application d'une pression int^ricure, avant d'etie durcies in 
situ, notamment par polym^risattoa 

Des pr^formcs de cc type sont dccrilcs par excmple dans les documents 
WO.91/18180, Wa94/21887 et Wa94/256S5. 

Sous la ddsignation "radialement ddformabic" on d&ignera des manchons 
pouvani §tre radialement d6ploy6s soit par simple d^Hement (comme c*cst le cas pour la 
pr^forme dccrite dans le Wa.91/18180 notamment), soil qui peuvcnl €tre simplemcnt 
15 expanses radialement (sans d^pliement), par accroissement de leur diam^tre sous Peffet 
d'unc pression interne, soil qui peuvent etrc successivement d^pli^s puis mis en 
expansion (comme c'cst le cas pour la mairice et la prffonne du document WO-94/25655 
notamment). 

L'invention a etc conguc pour un manchon servant d'outil k dilater une 
20 pr£fonnc. eel outil 6tant du mfeme type gdn6ral que I'ouUI de dilatation de la pr6fonne 

- appel6 mairice - d^i dans le WO.94/25655 dej^ cii6 ; cetle matrice est initialemcnl 
solidaire de la prfformc, k l*int€rieur de laquelle elle est montdc. Aprts gonflage de 
1 'ensemble matrice/pr^forme. et sdidiHcation de la prtfoime, la matrice est arradi^e. 

Toutefois, rinvention s'applique tfgalement k des manchons servant 
25 d^ouuls d'obturation de la paroi d'un puits. pour empCcher des fuites de fluide, cct outil 
6tant d6sign6 couramment dans la profession sous le nom anglais dc "packer". 

Dans un mode de r^isation possible, le manchon tubulaire objct de 
rinvention peut 6galcment consisto- dans la prt fonne dle-mtaie. 

Lors de Top^ration de ddfonnation radiale (par ddplicmcnt et/ou expan- 
30 sion) d'un tel manchon k rint6rieur d'un puils ou d'une canalisation, il y a un risque, si 
Texpansion de la prffcwme est non contrNfe, de formation de podies de liquide qui se 
trouve enfennto enlre le numchon ct la parol du puils ou de la canalisation. En cfTet, 
dans les applications de forage p^trdier ou analogues, il est courant que le puits ou la 
canalisation soit remplie d'eau;de boue, ou d'un autre liquide. 
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On comprend ais^mcnt que ccci pose un problfcmc. car Ic manchon ou la 
preforme qui 1 'enioure nc pcuvent s'appliqucr correcicmcnt contre la paroi du puiis ou de 
ia canalisation, ct le tubage obtcnu n'cst pas parfaiicmcni cylindriquc et n'esi pas bien 



ajicre. 



Pour des membranes gonflaUes ^luipant des outils obturateuts ("packer") 
on a tenK de pallier cetie difTicult^ en faisant varicr la compoation du matiriau constitutif 
de la membrane - ou manchon - base de caoutchouc synth<uque) d'une exu^it^ a 
rautrc. de telle maniftre que sa rtsistance k Texpansion radiale varie progressivement. 
Ainsi. iorsqu'on iatroduit dans I'ouul un fluide sous prcssion, la membrane se dilate 
progressivement d'une extr6nit£ & i'autre de I'outil. ce qui pennet de chasser i^gulito- 
ment le liquide emprisonn6 entre la membrane et ie puits ou ia canalisation, au fur et i 
mesure de 1 'operation, vers I'extr^miti dont la r^sOmce h Texpension est la i^us forte, 
cxtr^mit^ o& {'expansion va se faire en dernier. 

Si. dans son prindpe. cette technique donne satisfaction, elle est ddlicate et 
15 coQteuse h mettre en oeuvre, du fait que la composition du mat^au constitutif du 
manchon n'est pas la mftme sur I'msemble du produit U variation de cette composition 
est difficile k maitriser el, surtout, n'est pas applicable k des manchons de giande 
longueur. 

C'est pourquoi. la presente invention a pour objcctif de proposer un 
20 manchon du genre qui vient d'toe mentionn^. destin£ & servir au tubege d'un puits ou 
d'une canalisation, notamment pour des applications pitioliires, ce manchon ayant une 
structure telle que son expansion se fasse (fgalement de mamtn progressive d'une 
txtiemiti k I'autre. ced de fafon parfaitement maitristfe. ind^pendamment de sa longueur. 

Ce r&ullat est attdnt. oonformdment it I'invention. grSce au fait que la 
25 paroi du manchon est munie d'une sine debaguesde contention fiangiblesidentiques.et 
d&al^es axialement les unes par rapport aux autres. et aptes k se lompre les unes ap'iis 
les autres suivant la direction longittidinale du manchon lorsqu'il est gonH^ par un fluide 
interne sous pression. 

Par ailleurs. selcn un certain nombre de caract^stiques avantageuses. ncm 
30 limiiativesde I'invention: 

- les bagues sont r^guli&remenl espacto les unes des autres. d'un 
^caitementconstant ; 

- le mancfaoa prtente un tronfon d^xmrvu de bague : 

- le mandion prisente un tronpon qui est muni de bagues dont le seuil de 
35 rtqnure est sensiUement |4us faible que celui des auties bagues ; 

- le tronson dipourvu de bague ou muni de bagues 4 seuil de rupture plus 
faiUe. est une zone d'extrftnit^ du manchon : 
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- le tron9on d^poun-u de bague, ou muni de bogues k scuil dc rupture plus 
faible. est une zone m^dianedu manchon ; 

- les bagues sont toriques ; 

- Ics bagues sont noy^cs k Tintdrieur de la paroi du manchon ; 

5 . ic manchon est foimd dans un mat6riau ^lastomte synthdtiquc ; 

• Ic manchon consutue un outil servant k dilater une prtfonnc souplc ct 
radialcmenl d^formablc. durcissable in situ pour fonncr le tubage du puits ou de la 
canalisation ; 

- cc manchon est sdidaire initialement de la prtfonne ei quMI est extractiWe 
10 en Hn d'op^ration. 

■ manchOT constituc un outil d'obturaiiai du puits ou de la canalisaUon 

("packer") ; 

- le manchon constitue la pr€forme souplc et radialcmenl dfformablc. 
durcissable insitu pour former elie-m£me le tubage du puils ou de la canalisaUon. apris 

15 sdidificatton. 

D'autres caract^ristiques et avantages de TinvenUon apparattront de la 
description et des dessins annexes qui en rcpr6sentcnt, k simple titre d'cxcmplc. des 
modes de r^isation non limitatifs. 

Surces dessins : 

- 1 est une vnt en coupe longitudinale d'un ensemble constitu^ 
par un manchon tubulaire gonflable conforme k rinvcntion. log^ k rmtdrieur d'unc 
pr^f orme soupie ct durcissaUe insitu ; 

- les rigures 2 et 3 sont des vues en coupe uansversale de la pr6forme dc la 
figure 1 , respecti vement avant et aprfes extension radiale ; 

25 . les figures 4 & 8 sont des vues schteatiques illustrant diff^rentcs Stapes 

du tubage d*un puits k I'aide de rensemWc rcprtsent^ aux figures 1 et 2 ; 

- les figures 9 et 10 repr6sentent schdmatiquemcnt des variantes du 
manchon de la figure 1 (sans la pr6forme assodde)* 

A ia figure 1 on a repr&enti. et d6sign6 sous la r€f&cncc U un ouUI 
30 servant k la dilatation d'une pr^forme soupie. durcissable insitu - k rint^rieur d*un puits 
ou d'une canalisation * par polymerisation. 

Get outil 1 - ou matricc - consiste en un manchon tubulaire cylindriquc, dc 
fonne g6n6rale allong^e, dont la paroi cylindiique est r6f6rencte 10. Lc manchon est 
obiur« k ccs deux extr^mitds par des clotsons tiansversales 11, 12. dont Tun - en 
35 roccurrencc la doison U - est travcrs6e. de mani^re dtanchc. par un embout 4 destine k 
cue raccord6 sur un conduit 40 servant k introduire un fiuidc sous pression. par exemple 
dc I'eau, 4i»inl^rieur du manchon afin d'cn provoquer I'expansion radiale. 
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Le matiriau constituiif du manchon est par excmple un caoutchouc 
synthtfUque (tiastomfere) ou un matAiau k base d'flastomere. Ce mat6iau est le meme et 

sesoracttostiquesmfcaniquesidentiques. surtouteUlongueurduinM^^^ ; il est done 
possible de ie confectionner sur une giande longueur. 

5 Le manchon 1 est ins^r^ k l'int<Jrieur d'une pr^forme <galemenl tubulaire 

3. initialement souple. mais dutcissable in situ par polymerisation. 

La prffonne a une paroi consUtufe d'une r&ine 30 qui est initialement 
nuide (mailable), mais est durcissable i chaud par pob-mirisaiion. Cette risine est 
confin^e entre une peau ext6ieui« 3 1. en malftjau souple e( flastique. et la paroi 10 du 
10 . manchon, qui fail oflice de peau int^rieuie. 

L'axede Tensemble est i6t6KBc6 XX 

Get ensemble est dum&ne type gtatfral quecelui ddcrit dans le document 
WO-94/25655 (voir notamment les figures 9 k 12). 

Des moyens de liaison provisoires iKM reprtsentfe asstirent iiiiti^ 
sohdansaoon du manchon 1 avec la prdfonne 3 qui Pcntoure. Ces moyens sont adapts 
pour se rompre en fin d'opdration (aprts duicisscment de la prtforme) ce qui pennet alore 
ranachement du manciwn int&ieur. comme cela sera expliqutf plus Idn. 

Selon une caractirisiiqueessentiellederinvention. la paroi dumanchon 1 
estmunied'une s^riede baguesde contention fiangibles qui sont dtaa^esaxialement les 
unes par rapport aux autres et sont aptcs i se rompre sous I'effet d'un effort d'extension 
qui ddpasse un seuil d&ennin^. sous PefTet d'une piession interne visant k les dilaier 
radialement 

Le seuil de rapture de rensemble des Ugues 2 est sensiblementidentique. 

rtguliirement espac^es les unes des autres. d'un 

25 toutement constant e. 

Comme on le voit a 1 'observation de la figure 1. la totality du manchon I 
n est pas ganiie de bagues. Celles-ci sont prtvues seulement sur un tron^on lA qui 
correspond k la majeure pattie du manchon. de longueur L. du cOttf de I'embout 4 - ou 
cdtfamont-. 

Par convenUon. on d&igncra par c6ti "araont" le cOt^ du puits qui 

d<boucheveBrext6ieur.parlequel arrive lefiuidedegonnage.depuisUt6tedepuits. 

Le trongon situ6 du cdti oppos6 (aval), de longueur 1 rWuite (trfcs 
senaMement inffiieure k L), n'est pas muni de lagues. 

De prtff^rence. les bagues 2 sont toriques. c'est-i^lire qu'dles oat une 
fomiearculaireetunescctiondgalementciiculaire. mais cen'est pas obUgaloire. 
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Chaquc baguc pcut tire avantagcuscmcnt constitute d'un fil. par cxcmplc 
cn plastique ou en m^tal. enrouI6 sur lui-meme sur plusieurs tours pour fonncr une 
bague. 

De prtftence, les bagues sent enduites d'une substance qui favorise son 
glisscmcni par rapport au mauJriau tlastomfcrc dans lequel elles sont noyd es. U substance 
est par exemple de I'huilc dc silicone. 

Ccd fidmt les risques de dtchirement de la paroi du manchon lore de la 
rupture de bagues, ct facilite le glissement des bagues sur la paroi 10 du manchon, 
gitssemcnt n6cessaire lors de son expansion. 

A litre indicattf, non limitatif. on donnera les valeuis dimcnsionnelles 
suivantes : 

- longueur totale L + 1 du manchon : 20m. 

- longueur L du tron^on I A ^uip6e de bagues : 18m. 

- longueur 1 du ironfon IB d^pourvu de bagues : 2m. 
.^^ - distance e enlre les bagues : ICtam. 

- ^paisseur {en direction radiale)de la paroi lOdelamatrice: 10mm. 

- dpaisseur (en direction radiale) de la paroi 30 dc la pr6forme : 10mm. 

- diamfetre de I 'ensemble matrice/prtforme avant gonflage (6tat de la figure 
2) : 100mm. 

20 - diarafctre de cci ensemble ^r6s gonflage (figure 3) : 160mm. 

La figure 4 rcpriscntc la phase initiale de tubagc d'un puits de forage 
ptftrolierdonl la paroi, appraximativcment cj lindriquc, est rt«renc6e P. 

Sur les dessins le puits est horizontal ; il peut cqpendant avoir une direction 
quelconquc, noiamment toe vertical, Tinvention demeurant applicable dans ce cas. 
25 u diamfctre de f ensemble pr€forme/matrice est choisi de telle sorie qu'^i 

rttat radialement expanse, la pnSformc puisse s'appliquer convenablement contre cette 
paroi P. afin de servir au tubage du puits. 

L'cnsemblc matricc/prffonnc est mis cn place, au moycn d'un outillagc 
appropri6 connu, h partir de Tcxtirieur du puits. de la gauche vers la dioitc s'y on se 
30 r6ftre k la figure 4 ; sur cette figure, fenscmble matrice/prdforme se iiouvc dans la 
position voulue, cn vis-Ji-vis de la zone de paroi P k tuber. 

Get ensemble se trouve immergd k rintdricur d'un liquide, tel que de la 
boue, t€r6mc6 B qui est present dans le puits. 

II est possible, depuis la tSte de puits. d'inuoduirc k rinttfricur du 
35 manchon 1 un liquide sous pression tel que de I'cau, via le conduit 40 et rcmbout 4. 

Comme cela est bien connu. cc fiuide sous pression va gonficr le manchon 
1, etlaprffonnequi rentourc, Tcnsembledtant dilate radialement contre la paroi P. 
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En I 'absence des bagucs 2. ceue dilataUon sc ferait dc mani^rc non 
contrM6e, cc qui risqucrail de cr&r t I'cxtdricur de rcnsemblc mairicc/pr^formc des 
poches dans lesquels se trouvcrait cmiHisonnd irn certain volume de Hquide B, conirariant 
ainsi Top^ration de tubage. 

Gricc k I'agcnccmcni scion Tinvention. sous Tcffet de la prcssion p du 
liquide sous pression introduit dans le manchon (flfcche F figure 5) la zone aval IB va 
s'cxpanser priori tairemcnU du fait qu'cllc est d^pouivue de bagues de contention et 
possMe dOTC unc aptitude k la d6fonnaiicMi plus gnmde que ie rcstc lA du manchon. 
Cette dilatation s'accorapagne d'une diminution de la dimension axiale de cette panie IB, 
qui vient s'appliquer par Tinterrnddiaire du tron9on de pr6fonnc que Pcntoure contre la 
parcM P. Au coure de cette dilataiiau la boue qui se irouvail k I 'extfricur de cette zone est 
chass6e k la fds vers Tamont et vers I'aval, comme symbolist par les fltehes 1 k la figure 

Le risque de fonnation de poches autour du tron9on IB est rtiuit car cette 
15 zone a une longueur I limits 

Si on continue k augmenter la pression du liquide contenu k Pini^rieur du 
manchon, pour le faire passer k une valeur p, supdrieure k p. on va provoquer au bout 
d'un certain temps la nature de la bague 2 qui est situ6e la plus en aval. En clTet, comme 
cela peut se dimontrer aistfment par le calcul, c'esi cette bague qui est soumise k refTort 
20 d'extension la plus grande. Une fois qu'elle s'esl rronpuc, c'est la bague suivanie, c6i6 
• amont qui vase rompre. 

On observe ainsi une rupture progressive de Pensemblc des bagues 2, les 
uncs aprts les autrcs, d'aval vcis I'amont (de la droife vers la gauche) des figures 5 et 6. 

Grace k cette propagation ccmtrdlte du front d'cxpansion, le liquide B qui 
25 se trouve pr&ent cntre la prf forme et la paroi P sc irouve refoulc progrcssivcment, 
^galement de Paval vers Tamont, comme cela est symbolist par les n^es j. Cc 
rcfoulement «viie la focmation des poches, dontrinconvdnicnt a <t6mentionn6 plus haul 
Unc fois que Tensemble des bagues s'cst rompu. et que la prdforme est 
totaiement appHqu^e contre la paroi P. on procMe k sa polymerisation par la chaleur ; 
30 cette <q)dration peut se faire par exemple en introduisant un liquide diaud k 1 'int^rieur de 
la matrice et/ou par cflct Joule, au moycn de conductcur ^lectrique (fil chauff ant) noye 
dans la matrice ou dans la px€forme 

A titre indicatif, les pressions de gonflage p et pi sont respectivement de 
TordredeSet 15 bars. 

La figure 3 fllustre une opfeition de dilatation au corns de laquelle la bague 
2 s'est cass6e en trois morceaux 2a, 2b et 2c. Hie pourrait sc casscr en un seul point ou 
au contiaire en un nombre de morceaux plus grand. II va de soi que les bagues doivcni 
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dgalement 6tre souples de telle mantdre que leur courbure peut se modifier et suivre celle 
du manchon aprfes rupture de la baguc. Coramc d6ji dit, les bagues soul avantageusemeni 
cnduiics d'un revetement faciliani le glisscment relatif de la bague - ou dcs morceaux de 
bague - par rapport au mat^au de la paioi du manchon apr^s rupture de la baguc 
5 Apr^ solidirication de la pF6fonne» qui est devenu un cubage rigidc 3* 

(figure 7) la matrice est arrachde, comme cela est symbolist par la n&che G la figure a 

Dans le mode de rfalisation qui vicnt d'etre dtoit, on a consid^r6 que la 
dilatation de renscmblc matricc/prtforme se faisaii uniquement par expansion radiale. II 
va de soi que Pinvcntion s'appliquc 6galemem k dcs ensembles iniUalement pli^ 
10 longitudinalcment (en forme de -IT ou en fonne d'cscargot), comme cela est repr^sent^ 
en particulier dans le WO-91/18180 ou dans le WO-94/25655 (figures 6A el 6B). 

Le manchon, t6(6renc6 5, qui fail Tobjet de la variante repi^ent6e ^ la 
figure 9 comprend un tron^on principal 5A de longueur L pourvu de bagues 6 analogues 
aux bagues 2 d^crites en r^f^rences aux figures 1 el 2. Ces bagues prdscnteni touies 
15 sensiblement les memcs seuils de rupture* relativement 61ev^. 

Le tron9on d*extr6mit£ amont« r^f&enc€ SB, est ^galement pourvu d'un 
ensemble de bagues similaires 7, mais dont le seuil de rupture est sensiblement inf6rieur k 
celui des bagues 6. Cependant. ce seuil de rupture n'cst pas n^gligeable. 

Le manchon 5 peui done contcnir un (luide de prcssion non ncgligeable 
20 sanssed^fonnerradialement 

Gr^ce k cette disposition, il est possible de donner au manchon une 
certaine rigidity, en y iniroduisanl un fluide sous prcssion, sans risque de provoquer son 
expansion. Ceci peut 6tre utile pour riniroduction du manchon dans certains puils ou 
canalisations notamment non rectilignes. la rigidit6 du manchon farililani son guidage. 
25 Une fds que le manchon a 6ii ooirectement positionn^, on va augmenter la 

pression interne pour provoquer son expansion en deux temps, tout d'aboid celle de 
rextr6mit6 SB par rupture progressive des bagues 7, puis - sous une piession encore plus 
forte - 1 'expansion progressive de la paitie 5A par rupture des bagues 6 succcssi vemenL 

Le mandion 5 est 6galement associ^ k une pr6forme, comme le manchon 1 
30 du mode de realisation prteddent, mais celle-d n'a pas 6t6 repr6sent6e k la figure 9 pour 
ne pas Palourdir inutilement 

De la mtoie manifere, le manchon 8 sch^matiquement lepr^senle k la figure 
10 est associ^ k une pr6forme non represents. 

Dans cette variante de manchon. un trongon mddian 8B est d€pourvu de 
35 bagues de contention, sur une ceitaine l<mgueur Lb, rtduitc. En revanche, des bagues 9 
similaires aux bagues 2 du premier mode de realisation sont pr^vues sur chacun des 
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tron^ons d'cxtrtmit^ 8A ct 8C, de grande longueur, sonl respccuvcment rtf6rcnc6es La 
ct Lc- 

Scion cetie vaiianic. c'est la zone m6dianc SB qui va s'cxpanscr prioritaire- 
ment ct s'appliquer conlre la paroi du puiis ou de la canalisation. la propagation de 
5 Texpansion du manchon sc faisant prc>gressivcmcnt k partir de cette zone en direction de 
chacunc dcs deux cxmfmitds du manchon. avec refouleinent simultan6 du liquide contenu 
dans les puits ou la canalisation vers chacune de ccs extrdmit^s. 

Bicn cntcndu. la zone m6diane 8B pounait 6galemcnt fetrc munic de bagues 
similaires aux bagues 7 de la figure 9. et dont Ic scuil de rupture scrait infdrieur h cclui 
10 des bagues 9. 

Les bagues de contention qui. confomdment k la pr^sente invention, 
ifquipenl un manchon radialemcnt d^formable ne sont pas obllgatoircment noy6es k 
I •inidrieur dc la paroi dudit manchon. Hie pounait en cffct €tre dispcsdes k 1 •cxt^rieur de 
celui-d. 

15 Le manchon selon TinvenUon n'cst pas c4)Ugatoirement un outil servant k 

dilater une pr^forme initiaicment souple, duicissaUe in situ. 

Le manchon selon Tinvcntion peut dgalement servir d'outil obturateur du 
genre "packer". 

Le manchon pourrait constituer la pr^forme ellc-mfeme. les bagues dc 
10 contention 6tant par exemple noyte dans la r&ine polym^risable constitutive de la 
prgforme, entre deux peaux ^tiques. 
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9 

REVENDICATIQNS 

1 . Manchon tubulaire gonflaWc ct radialcmcnl ddfonnabic ( 1 ; 5 ; 8). pour 
Ic tubage ou I 'obturation d'un puiis (P) ou d*une canalisation, caracufriaJ par Ic fait que sa 
paroi est munie d'une s6ric de bagues de contention frangibles (2 ; 6 ; 9) d^cal^es 
axialemenl Ics unes par rapport aux autres, et aptcs k se rompre les unes apres les autres 
suivant la direction longitudinale du manchon lorsqu'il est gonfl^ par un fluidc interne 
sous pression. 

2 • Manchon seion la revendicaiion 1, caiact^ris^ par le fait que lesdites 
bagues (2 ; 6 ; 9) sont reguli^ement espactes les unes des autres. d^un totrtemem 
constant (e). 

3 . Manchon scion Tune des revendicaiions 1 ou 2. caract^ris6 par le fait 
qu'il prisente un trongon (IB ; 8B) d^pourvu de bague. 

4 • Manchon selon Tune des revendications 1 ou 2. caract^ris^ par le fail 
qu'il pr&ente un tron5on (5B) qui est muni de bagues (7) dont le seuil de rupture est 
sensiblement plus faible que celui des autres bagues (6). 

5 • Manchon selon la revendicaiion 3 ou 4. caraci^ris^ par le fait que ledit 
irongon (IB ; 5B) d^pourvu de bague ou muni de bagues (7) k seuil dc rupture plus 
faible, est une zone d*exir^mit6 du manchon. 

6 . Manchon selcMi la revendicaiion 3 ou 4. caracttts^ par le fait que ledit 
trongon (8B) ddpourvu de bague, ou muni de bagues k seuil de rapture plus faible, est 
20 une zone mddianedu mandion. 

7 • Manchon selon Tunc des revcndicauons 1 k 6. caracl6ris^ par le fail que 
lesdites bagues (2 ; 6. 7 ; 9) sont tonques. 

8 . Manchon scion Tune des revendications 1 k 7. caract^iistf par le fail que 
lesdites bagues (2 ; 6. 7 ; 9) sont noy^es k rint6rieur de sa paroi, 

9 • Manchon selon Tune des revendications 1 ^ 8, caractdrisd par le fait 
qu*il est form6 dans un mat6riau dastomte synth^tique. 

1 0 . Manchon selon Tune des revendications 1 k 9, caract6ris< par le fait 
qu'il consUtue un outil servant k dilater une prdforme souple el radialemem d£formable 
(3), durdssable in«to pour former le tubage (3') du puits (P) ou de la canalisation. 

1 1 . Manchon selon la revendicaiion 10. caract^ris^ par le fait qu'il est 
sdidaiieinitialementde laprtforme (3) eiqu'il eslcxtractiblc cnfin d'op6iation. 
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1 2. Manchon scion I'une dcs rcvcndicauons I h 9, caraci6ris^ par le fail 
qu'il consume un outi! d'obturaiion du puits (P) ou dc la canalisation. 

1 3. Manchon scion Tunc dcs revcndications 1 h 9. caractdris(§ par ie fait 
qu'clle constituc une prtfonnc souple et radialement ddformablc (3). durcissablc jn situ 
pour rormer Ic tubage du puits (P) ou de la canalisatioa 
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1 

INFLATABLE TUBULAR SLEEVE FOR 
CASING OR OBTURATING A WELL OR A PIPE 

The present invention concerns an tubular sleeve that is inflatable and radially 
deformable, used for casing or obturating a well or a pipe. 

For casing an oil well bore-hole, as well as for similar applications, preforms have 
5 already been proposed that are tubular, flexible, and can be hardened in situ . They are intended to 
be put in place in the radially folded or unexpanded state — ^a state in which they take up small 
radial space — ^then are unfolded and/or radially expanded by application of an interior pressure, 
before being hardened in situ, particularly by polymerization. 

Preforms of this type are described for example in the docimients WO-9I/18180, 
10 WO.94/21887 and WO-94/25655. 

The term "radially deformable" will be used to designate sleeves that can be radially 
deployed either by simple unfolding (as is the case for the preform described in WO-91/18180 in 
particular), or that can be simply expanded radially (without unfolding), by increasing their 
diameter under the effect of an internal pressure, or that can be successively unfolded and 
15 expanded (as is the case for the matrix and preform of the document WO-94/25655 in particular). 

The invention was designed for a sleeve used as a tool to expand a preform, this tool 
being of the same general type as the preform expansion tool — called matrix— described in the 
above-mentioned WO-94/25655. This matrix is initially attached to the preform, mounted inside 
it. After inflation of the matrix/preform assembly, and solidification of the preform, the matrix is 
20 removed. 

However, the invention also applies to sleeves used as obturation tools for the wall of a 
well, to prevent leaks of fluid, this tool being commonly called in the industry by its English 
name "packer". 

hi one possible embodiment, the tubular sleeve of the invention can also consist of the 
25 preform itself 

During the radial deformation operation (by unfolding and/or expansion) of such a sleeve 
inside a well or a pipe, there is a risk, if the expansion of the preform is not controlled, of pockets 
of liquid forming, trapped between the sleeve and the wall of the well or the pipe. Indeed, in oil 
well drilling or similar applications it is common for the well or pipe to be filled with water, mud 
30 or other liquid. 
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This obviously poses a problem because the sleeve, or the preform that encloses it, can 
not be correctly applied against the wall of the well or pipe, and the casing obtained is not 
perfectly cylindrical and is not properly anchored. 

For inflatable membranes with which packer tools are equipped, attempts have been 
5 made to overcome this difficulty by varying the composition of the material comprising the 
membrane — or sleeve — (with a synthetic rubber base) ftom one end to the other, so that its 
resistance to radial expansion varies progressively. Thus, when a fluid under pressure is 
introduced into the tool, the membrane expands progressively from one end to the other of the 
tool, which makes it possible uniformly to force out the fluid trapped between the membrane and 
10 the well or pipe, as the operation progresses, toward the end that has the strongest resistance to 
the expansion, the end where the expansion will occur last. 

Although this technique is satisfactory in principle, it is difficult and costly to implement 
because the composition of the material conq>rising the sleeve is not the same for the whole 
product. The variation in this composition is difficult to control, and above all, it can not be used 
1 5 with very long sleeves. 

For this reason, an objective of the present invention is to propose a sleeve of the type 
mentioned above, intended to be used for casing a well or a pipe, particularly for oil apphcations, 
this sleeve having a structure such that its expansion is also done progressivdly from one end to 
the other in a manner that is perfectly controlled, regardless of its length. 
20 This result is achieved, according to the invention, due to the fact that the wall of the 

sleeve is provided with a series of identical breakable constraining rings, axially offset with 
respect each other and intended to be broken one after the other in the longitudinal direction of 
the sleeve when it is inflated by an internal pressure fluid. 

Moreover, according to a number of non-limiting advantageous characteristics of the 
25 invention: 

- the rings are uniformly spaced from each other, with a constant separation; 

- the sleeve has one section that does not have a ring; 

- the sleeve has one section that is provided with rings that have an appreciably lower 
breaking point than the other rings; 

30 - the section that has no rings or that has rings with a lower breaking point is an end area 

of the sleeve; 
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- the section that has no rings, or that has rings with a lower breaking point, is a middle 
area of the sleeve; 

- the rings are toroidal; 

- the rings are embedded in the wall of the sleeve; 

5 - the sleeve is formed from a synthetic elastomer material; 

- the sleeve comprises a tool used to expand a flexible and radially deformable preform 
that can be cured in situ, to form the casing of the well or the pipe; 

~ this sleeve is initially attached to the preform and can be extracted after the operation. 

- the sleeve comprises an obturating tool ("packer^') for the well or the pipe; 

10 - tiie sleeve comprises the flexible and radially deformable preform, which can be cured 

in situ to form the casing of the well or the pipe, after solidification. 

Other characteristics and advantages of the invention will appear from the description and 

the appended drawings that represent, simply by way of example, some non-limiting 

embodiments thereof. 
IS In these drawings: 

- figure 1 is a longitudinal cross-sectional view of an assembly composed of an inflatable 
tubular sleeve according to the invention, housed inside a preform that is flexible and curable in 
situ: 

- figures 2 and 3 are transversal cross-sectional views of the preform of figure 1, 
20 respectively before and aftw radial extension; 

- figures 4 to 8 are diagrammatical views illustrating difiTerent stages in the casing of a 
well using the assembly represented in figures 1 and 2; 

- figures 9 and 10 diagrammatically represent %^ants of the sleeve of figure 1 (without 
the associated preform). 

25 Figure 1 represents, and designates by reference 1, a tool used to expand a flexible 

preform that can be cured in situ — in a well or a pipe — by polymerization. 

This tool 1 — or matrix — consists of a cylindrical tubular sleeve, in a generally elongated 
shape, the cylindrical wall of which is referenced as 10. The sleeve is closed at both ends by 
transverse partitions 11, 12, one of which — in this instance the partition 11 — ^has a nozzle 4 

30 sealably passing through it, which is intended to be connected to a conduit 40 used to introduce a 
pressure fluid, for example water, inside the sleeve in order to cause the radial expansion thereof. 



wo 97/06346 



PCT/FR96/0i226 



The material comprising the sleeve is, for example, a synthetic rubber (elastomer) or a 
material with an elastomer base. This material is the same, and its mechanical characteristics are 
identical, for the full length of the sleeve. It is therefore possible to produce long lengths. 

The sleeve 1 is inserted into a preform 3, also tubular, that is initially flexible but can be 
5 cured in situ by polyerization. 

The preform has a wall composed of a resin 30 that is initially fluid (malleable) but is 
heat-curable by polymerization. This resin is confined between an outer skin 31, made of flexible 
elastic material, and the wall 10 of the sleeve, which serves as the inner skin. 

The axis of the assembly is referenced XX\ 
10 This assembly is of the same general type as the one described in the document 

WO-94/25655 (in particular, see figures 9 to 12). 

Temporary means of connection — ^not represented — ^initially provide for the attachment 
of the sleeve 1 to the preform 3 that encloses it. These means can be broken at the end of the 
operation (after curing of flie preform) which then allows the inner sleeve to be removed, as will 
1 5 be explained further on. 

According to one essential characteristic of the invention, the wall of the sleeve 1 is 
provided with a series of breakable constraining rings that are axially offset from each other and 
can be broken under the effect of an expansion force that exceeds a specific threshold, under the 
effect of an internal pressure intended to expand them radially. 
20 The breaking point of all of the rings 2 is appreciably identical. 

These rings are regularly spaced from each other, at a constant spacing e. 

As can be seen in figure 1, the entire sleeve 1 is not provided with rings. They are 
provided only on one section 1 A that corresponds to the major part of the sleeve, with a length L, 
at the end with the nozzle 4, or the upstream end. 
25 By convention, the end of the well that opens outward, through which the inflation fluid 

arrives from the wellhead, will be designated as the "upstream** end. 

The section at the opposite (downstream) end, with a shorter length 1 (very significantly 
less than L), is not fitted with rings. 

Preferably, the rings 2 are toroidal, that is, they have a circular shape and a cross section 
30 that is also circular, but this is not essential. 
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Each ring can be advantageously comprised of a wire, for example of plastic or metal, 
wound on itself in several turns to form a ring. 

Preferably, the rings are coated with a substance that facilitates their sliding with respect 
to the elastomer material in which they are embedded. Such a substance, for example, is silicone 
oil. 

This reduces the risk of tearing the wall of the sleeve when the rings break, and facilitates 
the sliding of the rings on the wall 10 of the sleeve, which sliding is necessary for their expansion^ 
By way of non-limiting example, the following dimensional values are given: 

- total length L + lofthe sleeve: 20 m. 

- length L of the section 1 A fitted with rings: 1 8 m. 

- length 1 of the section IB that has no rings: 2 m. 

- distance e between rings: 10 mm. 

- thickness (in the radial direction) of the wall 10 of the matrix: 10 mm. 

- thickness (in the radial direction) of the wall 30 of tfie preform: 10 mm. 

~ diameter of the matrix/preform assembly before inflation (state shown in figure 2: 
100 mm). 

- diameter of fliis assembly after inflation (figure 3): 160 mm. 

Figure 4 represents the initial phase of casing an oil well bore-hole'the wall of which, 
referenced P, is approximately cylindrical. 

In the drawings the well is horizontal. However, it can be in any direction, including 
vertical, in which case the invention remains applicable. 

The diameter of the preform/matrix assembly is selected so that in the radially expanded 
state the preform can be suitably appUed against the wall P in order to be used as the casing for 
the well. 

The matrix/preform assembly is put in place by means of a known appropriate tool, fi-om 
outside the well, from left to right in reference to figure 4. In this figure, the matrix/preform 
assembly is in the desired position with respect to the area of wall P to be cased. 

This assembly is immersed in a Hquid, such as mud, referenced B, that is present in the 

well. 

It is possible to introduce from the wellhead a liquid under pressure, such as water, into 
the sleeve 1 via the conduit 40 and the nozzle 4. 

As is well known, the fluid under pressure will inflate the sleeve 1, and the preform that 
encloses it, the assembly being radially expanded against the wall P. 
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In the absence of the rings 2, this expansion occurs in an uncontrolled manner, which 
would risk creating, outside the matrix/preform assembly, pockets in which a certain volume of 
liquid B would be trapped, thus hindering the casing operation. 

As a result of the arrangement according to the invention, under the effect of the pressure 
5 p of the pressure liquid introduced into the sleeve (arrow F in figure 5), the downstream area IB 
will be expanded first because it has no constraining rings and is therefore capable of greater 
deformation than the rest lA of the sleeve. This expansion is accompanied by a decrease in the 
axial dimension of this part IB, which, by means of the section of preform that encloses it, is 
applied against the wall P. During this expansion, the mud that is outside this area is forced both 
10 upstream and downstream, as symbolized by the arrows i in figure S 

The risk of formation of pockets around the section IB is reduced because this area has a 
limited length 1. 

If the pressure of the liquid contained inside the sleeve continues to be increased, to bring 
it to a value pi, higher than p, after a certain time the ring 2 located farthest downstream will be 
15 broken. Indeed, as can be easily demonstrated by calculation, it is this ring that is subjected to the 
greatest expansion force. Once it has broken, it is the next ring upstream that will be broken. 

A progressive breaking is thus observed of all the rings 2, one after the other, from 
downstream to upstream (from right to left) in figures 5 and 6. 

As a result of this controlled propagation of the expansion front, the liquid B that is 
20 present between the preform and the wall p is progressively forced out, both downstream as well 
as upstream, as symbolized by the arrows j. This forcing prevents the formation of pockets, the 
disadvantage of which was mentioned above. 

Once all of the rings are broken and the preform is fiiUy applied against the wall P, it is 
then polymerized by heat This operation can be done, for example, by introducing a hot Uquid 
25 inside the matrix and/or by the Joule effect, by means of an electrical conductor (heating wire) 
embedded in the matrix or in the preform. 

By way of example, tfie inflation pressures p and pi are respectively on the order of 5 and 

15 bars. 

Figure 3 illustrates an expansion operation during which the ring 2 has been broken in 
30 three pieces, 2a, 2b and 2c. It could be broken at a single point, or into a larger number of pieces. 
It goes without saying that the rings must also be 
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flexible so that their curvature can be changed to follow that of the sleeve after the ring breaks. 

As already mentioned, the rings are advantageously coated with a material to facilitate the 

relative sliding of the ring — or of the pieces of ring — ^with respect to the material of the wall of 

the sleeve after the ring is broken. 
5 After solidification of the preform, which has become a rigid casing 3' (figure 7), the 

matrix is removed as symbolized by the arrow G in figure 8. 

In the embodiment just described, the expansion of the matrix/preform assembly was 

done solely by radial expansion. It goes without saying, however, that the invention also applies 

to assemblies that are initially folded longitudinally (in "'U'' shape or snail shape), as represented 
10 in particular in WO-91/18180 or in WO-94/25655 (figures 6A and 6B). 

The sleeve, referenced 5, which is the object of the variant represented in figure 9, has a 

principal section 5 A with length L fitted with rings 6 that are similar to the rings 2 described with 

reference to figures I and 2. These rings all havie the appreciably the same relatively high 

breaking points. 

15 The upstream end section, referenced 5B, is also fitted with a set of similar rings 7, but 

these have a breaking point that is appreciably lower than that of the rings 6. However, this 

breaking point is not negligible. 

The sleeve 5 can therefore contain a fluid under a pressure that is not negligible, without 

becoming radially deformed. 
20 As a result of this arrangement, it is possible to give the sleeve a certain rigidity by 

introducing a pressure fluid therein, without the risk of causing its expansion. This can be usefiil 

for introducing the sleeve into certain wells or pipes, particularly non-rectilinear ones, because 

the rigidity of the sleeve facilitates the guiding of it. 

Once the sleeve has been correctly positioned, the internal pressure will be increased to 
25 cause it to expand twice, first at the end 5B by progressively breaking the rings 7, then — under an 

even higher pressure — the progressive expansion of the part 5A by successively breaking the 

rings 6. 

The sleeve 5 is also associated with a preform, like sleeve 1 in the previous embodiment, 
but the preform is not represented in figure 9 in order not to encumber it unnecessarily. 
30 In the same way, the sleeve 8, diagrammatically represented in figure 10, is associated 

with a preform that is not represented. 

In this sleeve variant, a middle section 8B does not have constraining rings along a 
certain reduced length Lb. On the other hand, the rings 9, which are similar to the rings 2 of the 
first embodiment, are provided on each of the 

35 
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end sections 8A and 8C, of greater length, respectively referenced La and Lc. 

According to this variant, the middle area 8B will expand first and be applied against the 
wall of the well or pipe, the propagation of the expansion of the sleeve occurring progressively 
from this area toward each of the ends of the sleeve, simultaneously forcing the liquid contained 
5 in the well or pipe toward each of these ends. 

Of course, the middle area 8B could also be fitted with rings similar to the rings 7 of 
figure 9, with a breaking point that would be lower than that of the rings 9. 

The constraining rings that, according to the present invention, equip a radially 
deformable sleeve, are not necessarily embedded inside the wall of said sleeve. It [sic] could 
10 instead be placed on the outside thereof. 

The sleeve according to the invention is not necessarily a tool used to expand a preform 
that is initially flexible, curable in situ . 

The sleeve according to the mvention can also be used as a ''packer*' type obturating tool. 

The sleeve could constitute the preform itself, the constraining rings being, for example, 
15 embedded in the polymerizable resin comprising the preform, between two elastic skins. 



wo 97/06346 



PCT/FR96/01226 



9 

CLAIMS 

1. Inflatable and radially deformable tubular sleeve (1; 5; 8) for the casing or obturation 
of a well (P) or a pipe, characterized by the fact that is provided with a series of identical 
breakable constraining rings (2; 6; 9) axially offset with respect each other and intended to be 

5 broken one after the other in the longitudinal direction of the sleeve when it is inflated by an 
internal pressure fluid. 

2. Sleeve according to claim 1, characterized by the fact that said rings (2; 6; 9) are 
uniformly spaced from each other, with a constant separation (e). 

3. Sleeve according to either of claims 1 or 2, characterized by the fact that it has one 
1 0 section (IB; 8B) that does not have a ring. 

4. Sleeve according to either of claims 1 or 2, characterized by the fact that it has one 
section (5B) that is provided with rings (7) that have an appreciably lower breaking point than the 
other rings (6). 

5. Sleeve according to either of claims 3 or 4, characterized by the fact that said section 
15 (IB; 5B) that has no rings or that has rings (7) with a lower breaking point is an end area of the 

sleeve. 

6. Sleeve according to either of claims 3 or 4, characterized by the fapt said section (8B) 
that has no rings, or that has rings with a lower breaking point, is a middle area of the sleeve; 

7. Sleeve according to any of claims 1 to 6. characterized by the fact that said rings (2; 6, 
20 7; 9) are toroidal. 

8. Sleeve according to any of claims 1 to 7, characterized by the fact the rings (2; 6, 7; 9) 
are embedded in the wall of the sleeve. 

9. Sleeve according to any of claims 1 to 8, characterized by the fact the sleeve is formed 
from a synthetic elastomer material. 

25 10. Sleeve according to any of claims 1 to 9, characterized by the fact the sleeve 

comprises a tool used to expand a flexible and radially deformable preform (3) that can be cured 
in situ, to form the casing (3') of the well (P) or the pipe. 

IL Sleeve according to claim 10, characterized by the fact that it is initially attached to 
the preform (3) and can be extracted after the operation. 

30 
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12. Sleeve according to any of claims 1 to 9, characterized by the fact the sleeve 
comprises an obturating tool for the well (P) or the pipe. 

13. Sleeve according to any of claims 1 to 9» characterized by the fact it comprises the 
flexible and radially deformable preform (3), which can be cured in situ to form the casing of the 
well (P) or the pipe. 
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